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X SPAM RESOLUTION OF SMALL PARTICLES IN SILANE DLSCHARGE
d
.
by K. G. SPEARS AND R. M. ROTH®
uorthvnun University, Departaent of Chemistry, Evenston, IL 60201
Cutuntly at- Standard 01l Company (Indtm). Amoco Research Center, P. O.
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) ABSTRACT
<
3 .
o

A capscitively coupled, vf glow discharge of silane in argon vas
studied with laser light scattering to determine the spatial concencration
of small psrticles. Multi-wavelength scattering profiles have been obcained
and are being analyzed to obtain size distributions as a function of spstial
location. Very sharply defined particle zomes can be found under sose
plasms conditions that are spatially related to the silicon atos profiles.
We will report our results and attempt to qualitatively describe how these
zones telate to plasma chemistry and film deposition processss.

INTRODUCTION

PR

OO

The existence of particle light scactering in silane plasmas is a
recognized phenomenon [1,2,3] that has yet to be understood and correlated
- with fila formation properties. In this paper, ve present results from
Y spatially resolved studies of particle light scactering in a capacitively N
- coupled rf glow discharge of silane. We have made an earlier report (4] oa
. our light scattering results and in this paper we will driefly summarize
those results and provide aew dats on particle Light scattering and ics
. . relation to silicon actom fluorescence signals.

The apparatus is identical to the system described in our accompanying
. paper {S]. We have used both 500.0 and 251.4 nm radiacion ih various inde-
. pendent light scacttering experiments, but without s direct compsrison in
. the same experimant. The scattersd light was detected ac 90° chrough a
% aonochromstor and the {nput polarizaction optimized tha scactered lighe
intensity vhen it was perpendicular to the plane containing the {nput and
- scacttered rays. The scattered intensity was a great desl larger than
' atomic emission from silicon actoms which was also excited simultaneocusly in
K) some experiments at 251.4 nm. It was possible to use the resolved fluoras-
O cence emission line ac 252.85 nm to study fluorescence without interference
. from large light scattering signals ac the 251.43 nm excitation. Polarized
:. light scactering could also be rejected by proper polarization. The size
> of the Srewster angle vindows prevenced s complete spatial scan between the
- electrodes vhen we optimized the laser polarization to maxir:ze the light
scatter detection so that we only show scactering for regions near the two

. electrodes. The ground electrode is labeled at position zero and the rf

3 electrode is labeled at position 22 mm in the following figures.

RESULTS

A typical light scattering result is shown in figure 1. This figuve
shows light scattering with 500.0 om radiation of 10 ns durstion and a maxi-
sum energy of 0.1-0.2 m/. The focal spot size vas ~ 0.1 mm dismeter and

scattering from the electrodes only occurs in the closest 0.25 mm zone, ,’fl.m
which is excluded from the following figures. The discharge conditions of

figure | were 3% SiH4 ia argon, 3 W {n power, and a pressure of 0.50 torr. { w2 " }
The electrodes have unequal aress because of a ground screen confining the \ "?Ct.,, /
" plasas and a dias of ~40 V builds up on the cathode. Theses discharge con- Ny -
:- ditions yield a=S1:R film having typical IR absorbance festures.
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Figure 1: Light scattering signal for 300 na excitation. Flow rastes of
stlane were: A ~ 35 gccm, B - 40 scem, C ~45 scem.

The scactecing signals {a figute ! show qualitative diffetences
between the anode (electrical ground) and cathode (rf electrode) for aay
given flow rate. The intensity of scattering i{s normalized in figuce 1, but
the intensity i{s greater at the cathode. The spatial extent of scattering
is much less at the csthode than the anode, and both slectrodes show light
scattering at close disctances (~ | mm) from the electrode surfaces. In
sddition, subetructure cam be seen in the large pesk near the anode. As
demonstrated in esrlier work (4], the locaciom of the msin scattering peaks
19 quite dependent on the pressutre for & given flov rate and mole fraction
of SiMs. This effact shows & correspondence with the expected dehavior of
plasma sheaths [4,6]. The large light scactering pesk st the cathode shows
a8 constant product of electrode displacement distance, d, and the pressure,
P, of 1.00 ¢ .04 sm torr over the rsage 0.6 to 0.3 torr [4]. We have inter-
prated this behavior as demonstracting the importance of the fon sheath boun-
dary in defining s sone for particle growth. In this paper ve will present
nore dats to further understsnd the existence of the sharp spatial profiles.

The data in figure | show particle scattering for several Clow rates at
constant pressucte and mole frsction., Additional dsta with flows as lov as
25 scem confirm & dramatic dependence of particle light scattering signal on
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Pigurs 2: Light scactering for 251.4 excitation. Mole fractfons of silane
- tn srgon were: A - 0.45%, 8 - 0.3%, C -~ 0.2%, D - 0.1%, & -
> 0.0%%. The pressure vas 0,50 tocr a¢ 350 scem flow and s power of
X . The curve B shows no signal above the noise.

flow rste. The light scattering signal increases nearly logarithmically
with decreasing flow rate. Flow rate changes also affect the position and

intensity of light scactering signals from the smaller peaks closer to the
slectrode more than the larger pesks.

The origin of sharp, scactering pesks can be further understood by
progressively reducing the mole fraction of silane to a limit vhere no scat-
tering csa be observed. One gosl of these studies was to identify e pertur~
bation liuit vhere the discharge paramsters, such as the electron
discridution, sre dominsted by acgoa. When silane mole fractions are
decressing from 8 to 0.3%, there 1is an incresse of particle geattering
signal with licttle change ia the qualitative feature of pesked light scat-
tering, except that below 2%, the sharpness of the pesk is reduced on the
side toward the middle of the discharge. The progressive changes at mole
fractions below 0.5% ave shown in figure 2 for the anode side of the
discharge. This data vss obtained with 251.4 nm light scattering in order
. to track $Si atome and scattering in successive scans by serely changing the

C ’ detection vavelength. The photomultiplier gain for the atom fluorescence
-, eignal vas 12 times larger then tha light scattering signal. The change
Q
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Pigure 3: Light scattering sad silicon atom fluorescence for 251.4 am excita
tion. Conditions as in figure 2. Ja. The light scactering is
cutve A and acom fluorescence i{s curve B. Silane mole fraction of
0.2%, 3b. The silane mole fraction of 0,431 has curve A for
scattering and B for acom fluorescence. The silane mole fraction
of 0.05% has curve D for scattering (aone observable) and C for
atom flyorescence.

from 0.452 to 0.32 silane showmn in figure 2 shows s progressive diminution
N ) of the peak (data st 0.42 and 0.352 are not shown). The dats for 0.22 and
0.12 silane both show a well defined pesk at 3.5 ms that on an expanded
scale 19 ~ 47 times smaller than the peak for 0.45%. The signal at 0.05%
silane shows 00 scsttering features, vhich sesns that aay scattering signal
X is less than ~ 700 times the large peak for 0.45% (our current noise limit).

The preceding figures reinforce the laportance of particles in rf
. plasmas of silane. The direct relationship of these particles to the
crestion of silicon stoms was discussed in our accowpanying paper [5]. The
comparison of spatisl profiles of silicom atom concentration and particle
‘Light scactering, yields some nev insight inco these signals. Figure la
. shows light scacttering and silicom atom conceatration for 0.2% silane. Both
g signals show s small pesk st the 3.5 em poiat that is tentatively postulated
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as the iom shesth boundary. The 0.3%, 0.22, and 0.1% curves show very simi~- ’
R lar behavior for pecticle scattering and acomic eignals, although complete
spatial scans would be needed to achieve curvaturs comparisons by anormal-
{zacion of the data. In coatrsst, figure Ib shows comparison ac 0.45% and
0.052 silane that exhibit a divergence between silicon atom spacial profiles
and light scactering spetial profiles. Qualitacively, we coanclude that
spattial scans show a good spatial correlation of silicon acom signals with
particle light scattering at mole fractions grester than 2% and less than
0.3% (except for the limiting behavior at 0.052). The two processes of
creating atoms by particle absorption and scattering laser light probably
probe twvo different aspects of the particle discribution which say sccount C
for different spatial distributions at soms mole fractions.

[y, WA G A R

The experimental study of light scattering vith short duration pulsed
lasers does show a linear power dependence for particle light scattecing
doae vith 500.0 nm aad silame concentractions of 5%. The corresponding pover
study hae yet o de dones in the ultraviolet, and a two-color, two-laser
experiment is being planned to separace the effects of probe powar from
laser pover. Tenctstively, the demonstracion (S] of a linear dependence of
silicon atom signal on laser energy st powers sbove & threshold region is
interpreted as particle absorption followed by atom separacion. The linear
dependence of the light scactering signal extends to low powers, which
) . suggests that gross particle fragmantation iato smaller particles is not

important for this wavelength and power ranges that are ten times larger .
than the ultraviolet.
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OISCUSSION

The concepts of psrticle nucleation and growth can be qualicacively

spplied to our observations. The composition of the particles (s not yet
N known, but we will use & working hypothesis that electron and hydrogen acom
impact serve to reduce the hydrogen content of a growing particle to yteld

SigHy with a/m < I, The hydrogen content of particles could well be reduced
R under some conditions into the range schieved by surface processes involved
» in smorphous fila formstion, slthough proof of parcicle composition avaits
extension of our experiments.

The data in tigure 2 that show spatial changes of particle light scat-
- cering with mole fraction of silane Ls compatible with general concepts of
. nuclestion and growth. The lowest mole fraction of 0.052 has negligible
light scattering at our current lisit of detection, yet 0.012 silane shows
particle scattering in the siddle of the bulk plasma. This observation is
y compatible with schieving suffictent radical concencrations to allow nucle-
A stion and growth of particles in competiton with destruétion by electron
ifapact. A full spetial profile extending to the cathode {s needed to examine
the importance of electrode ssymmetry in the nucleacion process. It is
possible that larger electron densities and energies at the cathode are
responeible for initisting nuclestion. Independent of the question of
spatial origin of nuclestion, figure 2 shows that successively incressing
- sole fractioas of silane increase the light scatteriag intensity and spacial
N extent {n the bulk plasws and also create s small scattering signal at the
postulated location of the iom sheaths. If we recognize that the electrom
energy distridution may have high energy components st the fon sheath boun-
< dary, then a second process of nucleation and growth can easily be inftisced
3 ‘ at the ion sheath. The incressing dominsnce of pacticle light scattering at
the shesth boundary with increasing silane mole fraction can be seen in the
. transition from 0.3% and 0.45%. Understanding this transition requires both
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wodels and more informstion on aumber density versus size. The light scat-
tering signal for particle sizes below the Mies pacticle limit (~ 40 nm) 13 a
simple product of number density and the sgquare of particle volume. The
capid change {n scattered signal strength st the sheaths i{s most likely
correlated vith rapid growth to larger sized particles. If this is the case,
cthen the sheath boundsry becomes the most {mportant locatioa for particle
grovth becsuse the particle destruction rate becomes much smaller than the
ctadical creation and particle growth rates at suffciently large radical
concentrations. Once a larger particle size discribution is established, it
can then grow preferentially, ss seen by the dramatic change in scactering
incensity with flow rates (figure l). We are beginning to forwulate particle
grovth models based on these qualitative ideas and experimental results. New
experisencs to determine particle sizes, compositions, and number densities
will be crucial for tescing models.

The observation of silicon atom creation by particle absorption of
pulsed lsser radiation {3 potencially & very useful probe. While our current
understanding of this linesr energy absorption process needs noce experisen—
tal refinement, we csn propose two nev applications for the process. One

. expeciaent v_uu use the wvavelength dependence of sbsorption to probe particle

. composition by using the efficiency of atom creation as a probe of electrontic
absorption. Another experiment could use the mechanism of psrticle asbsor-
piton to probe particle size discributions and number density as s function
of spacisl location. This Cechaique depends on the ultimate correctness of
‘the conjectured absorption aechanism as being proportional to s product of
particle number density times particle volume. This reasonable absorption
aechanise, combined with the particle scattering efficiency as a product of
ausber density and volume squared, can be used in eimple ratios to ldentify
spatial profiles of particle sizes and number density. PFurther experimencal
and theoratical vork will be necesary to escablish the ultimate promise of
these proposed techniques.
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